General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



(liASA*CB*t«S<l84) PLAHIilllG 4SS1SIAICS fOB 183-33012 ^ 

TUB 30/20 GBz PIOGBAB* fOLOBB 3 Pinal 

Bnpoct (Vnstttcn Onion lelegcnpB Co . , Bci«nn« 

ft.) 63 p HC kOt^/AI A01 CSCI 201 Oaclas 

63/32 13588 


NASACRl63m 


ny 


IMASA 


¥OLUIIEin 
FINAL REPORT 
FOR 

PLANNING ASSDTANCE FOR THE 30/20 GHZ PROGRAM 


ilf}. - 

'' 

sfix/'i* 


by G. Al'Kinnni, M. Frankfort, D. Kaushal, R. Markham, 
C. Siperko and M. WaU 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


NASA Lewif Research Center 
Contract NAS 3-22461 


PM 3 C V 
Srooll OUALITV 


t. ftaaan No. l Oo»ow>oioot >iciiH>n wa. 

NASA at- 1GS4M 

3. nwpmWi Cnmoe No. 

4. TMtinO Syttmt 

Final Report for Planning Assistance for the 30/20 GHz 
Program - Volumes I. II, III 

S. nteert Oolt 
September 1981 

UU-27400 

7. AiMtiarW 

6. AUKInanI, H. Frankfort, 0. Kaushal, 
R. MrUiam. C. Siperko. N. Wall 

V* ^WOrfinm nvpvvi •wQ. 

3413<10>v3 

ia Work unN No. 

« ^ — * ♦ — ^ « — — msaaM — --0 

Western Union Telegraph Company 
7916 Westpark Drive 
McLean, Virginia 22102 

It. Conwoct or Qmm No. 

NAS 3*22461 

IX Typo Of n«ort wd NrioO CovwoO 
Contractor Report 

12* SpMWSrtii^ Afwcy N(fiw 

National Aeronautics and Spec <! Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

14. Spooierins Aqmcy Ceao 

IS, Noch 

Project Manager, Dale E. Pope. Space Communications Division 
NASA Lewis Research Center 
Cleveland, Ohio 


It. Atanct 


VOluM III of this throt voluM Final Riport contains contractor reports for Tasks 7 anO 9. 

In Task 7, which Includes the review of NASA genwrated Experiment Planning Document, defines 
the three basic axpeHment categories and consolidated experiments proposed by members of the 
Carrier korking Group by category and by carrier. The three experiment categories are: 

1. Possible Service (PS); 2. Possible Service and Technology (PSAT); and 3. Possible lechnology 
(PT). 

Under Task 9 Mestern Union has provided review, recowaendatlons and crltlgue of the NASA 
generated Statement of Uork (SOW) defining the technical regulrements governing design, launch 
and operation of the 30/20 GHz experimental systems. 


17. Kov UMrdi ISnisiWie by AirthorW) 


IS. oiariaMaoii Siwtnmw 



Ka-6and (30/20 GHz). Trunking and Customer Pramisi 
Service. Fixed and Scanning learns, Nult1*beam 
Antenna, On-board Processing Satellite, Adaptive 
Rain Margin, Compensation, SS*TDMR, S$*F0NI, 
laseband Processor, Ka*8and Rain Attenuation 

32. 

unclassified-unlimited 


IS. Saurity OiaM. (of mis roeortt 

Ml taumy CMf. (of tne eosol 

31 . No. of Piem 


Unclassified 

Unclassified 

62 

mHH 


* For sate by the National Technical information Service. Springfield. Virginia Z21S1 I 


NASA-C-iaa (IN*. l0-7i) 


















ORIGINAL PAGE IS 
OF POOR QUALITY 

TABLE OP CONTEN"^ 


SECTION PACE 

^ EXECUTIVE SUMMARY 

1.0 Introduction 1 

1.1 Task 7 • Summary 1 

1.1.1 Objectives 1 

1.1.2 Summary of Experiment Requirement Document Review 2 

1.2 Task 9 • Summary 3 

1.2.1 Objective 3 

1.2.2 Summary of Demonstration System Requirements Document 

Review 3 


ATTACHMENTS 

TASK 7 REPORT - Planning Assistance for the 30/20 GHz Program; Development 
and Review of Experiment Program Plan 

TASK 9 REPORT - Planning Assistance for the 30/20 GHz Program; ReWew and 
Critique of the Demonstration System Requirements 
Document 


VOLUME ni 

EXECUTIVE SUMMARY 


ORIQlflAL PAOe » 
OF POOR QUALITY 


1.0 INTRODUCTION 


The Western Union Telegraph Company Government Systems Division 
(WUTCO-GSD) provided technical support to the NASA Lewis Research Center 
(LeRC) in accordance with the Statement of Work (SOW) requirements of the 
"Planning Assistance For The 30/20 GHz Program" contract awarded to WUTCO- 
GSD on May 1, 1980. Ten separate report tasks were defined in the SOW, some of 
which were amended during the course of the program. The task reports for Tasks 
7 and 9 are contained in this volume. 

Task 7 required Western Union to provide support to NASA LdR.C for: 
preparation of the Experiment Planning Document; review and critique of the 
NASA generated 30/20 GHz Experiment Requirement Document to be incorporated 
in the RFP for the 30/20 GHz Experimental System. 

Task 9 rec^red Western Union to review and critique tile Demonstra- 
tion System Requirements Document and the preliminary RFP release for the 
30/20 GHz Experimental System. 

1.1 TASK 7 - SUMMARY 


1.1.1 Objectives 

The objectives of the Task 7 effort was to pro^de support to NASA 
LeRC for preparation of the Experiment Planning Document and the 30/20 GHz 
Experiment Requirement Docixnent. 

The Experiment Planning Document defines the three basic experiment 
categories and consolidated experiments proposed by members of the Carrier 
Working Group by category and by carrier. The three experiment categories are: 
Possible Service (PS), Possible Service and Ted:nology (PSAT), and Possible 
Technology (PT). Western Union assisted NASA in preparation of the written 
material and formatting the proposed experiments by category and carrier. The 
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Experiment PUnning Doctenent is not induded as a part of this final report since it 
was not a required Task output and was a NASA originated document. 

Western Union's re^ew and critique of the 30/20 GHz Experiment 
Requirements Document considered the experiments proposed by the carriers and 
by «ASA, and the capabilities of the 30/20 GHz Experimental System design 
defined by NASA in the preliminary RFP. 

1,1.2 Summary of Experiment Requirement Document Review 

The intent of the Experiment Requiremmt Document (ERD)t to be 
incorporated in the RFP for the 30/20 GHz Experimental System, is to identify the 
essential instrisnentation and measurement capabilities to be incorporated in the 
space and ground segments of the experimental system. The instrumentation and 
measurement capabilities specified are those required to conduct the experiments 
proposed by the carriers and by NASA that are compatible with the experimental 
flight system design. 

The ERD was initially reviewed considering the results of the Phase II 
contractors functional and technical conceptual design studies. This initial review 
produced several general comments, typical comments beings optimization 
schemes suggested in the ERD (i.e. adaptive compensation) have not been fully 
addressed in previous system concept studies; the impact on satellite cost, weight, 
and power produced by instrumentation and measurement assemblies was not 
addressed by any of the Phase n contractors other than TRW; switchable 
polarization fw the trunking beam referred to in the ERD was proposed by only one 
of the five aerospace contractors. Ford Aerospace. 

The ERD was then reviewed and comments, where applicable, were 
made on a paragraph by paragraph basis. In general the comments were oriented 
toward additional measurement, instrumentation, and control requirements that 
were deemed necessary to fully define system characteristics and performance in 
accordance with the intent of the experiments proposed. For example additional 
low noise amplifier measurements recommended included: output power: gain 
response and stability; in-band ripi^e; gain slope; LO phase noise; all of which 
affect system BER performanM. 
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Finally the proposed experiments were reviewed Individually tot deter* 
mine the adequacy of the measurement Instrumentation specified to accomplish 
experiment measurement requirements; determine whether or not measi^ement 
Instrumentation specified In excessive relative to experiment requirements; and 
finally to determine whether or not the proposed experiments can be accomplished 
with the experimental system design configuration to be flown. A total of seven 
proposed experiments were deleted from the ERD because of thdr Incompatibility 
with the experimental flight systems design specified and four were deleted 
because they could more appropriately be accomplished by simulation. 

The ERD reviewed Is incorporated as an appendix to the Task 7 report 
so that the comments given in the report can be correlated with the corresponding 
ERD paragraph and the experiment matrix. 

1.2 TASK 9 - SUMMARY 


1.2.1 Objective 

The objective of the Task 9 effort was to provide support to NASA 
LdRC for preparation of the Demonstration System Requirements Document by 
reviewing and commenting on iterations of the NASA generated document. 

The Demonstration System Requirements Document defines the tech* 
nical and performance requirements of the 30/20 GHz Experimental System. 

1.2.2 Summary of Demonstration System Requirements Document Review 

The intent of the Demonstration System Requirements Document 
(DSRD)y to be incorporated In the RFP for the 30/20 GHz Experimental System, is 
to specify the proposed experimental system configuration, technical and perfor* 
mance requirements. Two Iterations of the SDRD was reviewed relative to the 
results of the Phase n conceptual design studies. Western Union's perception of 
experimental system design requirements based on the results of the mix of 
services and traffic load forecasted In Western Union and UST&T market demand 
assessment studes, and on nominal system technical and performance criteria 
identified by the Carrier Working Group. 
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General conceptions and comments relative to the preliminary 
Demonstration System Requirements Doevonent were* that it appeared to impose 
minimum requirements vtid did not strongly encourage bidders to propose 
alternatives with an increased scope of capabilities or to require '-A9 of new 
tedmoiogy being developed under other NASA programs; further consideration of 
and analysis of assembly and system bandwidth requirments appear to be 
necessary; that additional emphasis ^uld be placed on the system c^billty to 
reallocate transponder resources to accommodate traffic flow imbalances and 
peaks between beams; that a requirement for a steerable trunidng beam arxl 
polarization switching ^ouid be considered to provide for beam isolation and cross 
polarization measurements. 

The DSRD was further renewed on a paragra|^>by-paragraph basis and 
comments offered where appropriate in terms of Western Union's perception of 
experimental system requirements. Typical comments addressed: tiie need for 
additional system analysisi particularly under worst case propagation conditions 
and parking orbit slot; the system and assemtdy bandwidths in that tiiey constrained 
the flexibility of the system, appeared to have inconsistencies, and should be 
increased to the maximum extent possible; other parameters at the system and 
assembly level that affected system performance and capabilities. 

The final re^sion of Demonstration System Requirements Document 
reviewed is included as an appendix to the Task 9 report so that the review 
comments can be correlated with the system requirements specified. 
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TASK REPORT 7 

PLANNING ASSISTANCE TASK FOR 30/20 GHZ COMMUNICATION PROGRAM 
NASA CONTRACT NAS3-22<>61, TASK 7 

1.0 INTRODUCTION 


Under the requirements of NASA Contract No. NAS3 -22461, Task 7, 
Western Union was tasked to review and critique the 30/20 GHz Experiment 
Communication Sateiiite Experiment Requirement Document. 

In general, the set of requirements for instrumentation and rdated 
systens satisfy the needs of aii 30/20 GHz communications satdlite experiments. 
The Table I 30/20 GHz Experiments Requirements Matrix is in agreement with the 
Experiment Planning Document with the exception of some minor changes. 

1.1 GENERAL COMMENTS 


Western Union's comments on the Table I Matrix and the instrumenta- 
tion requirements are discussed for each item. The feasaUiity of performing the 
e)q)eriments outlined in the Experiment Requirement Document and Its impact on 
the system design was briefly dscussed in Western Union's Task 3 report. Further 
comments will be included in Task 9 report entitled "30/20 GHz Experimental 
System." Western Union's general comments are as follows. 

1. Certain optimization schemes, i.e., coding, link performance 
and adaptive margins are si^ested in the experiment 
planning document. However, these analyses have not been 
addressed in the previous system concepts studies. 

2. The impact of cost, weight and power requirements of the 
proposed instrumentation have not been addressed in the 
system concept studies as a function of the experiment 
capabiiities of each design concept proposed. 

3. Switchable polarization for trunking beam is referred to in 
the experiment planning document. However, with the 
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txception of tho Ford antonna tubtyittm datigp no other 
••roepaco contractor hai proposed switdtable polariiation. 

S. For certain parameters such as TDMA frame time* number 
of bits for burst identificationt etc., the contractor should 
be given the option to propose alternative schemes for 
preamble bit structure. 

2.0 SPEanC COMMENTS 

2.1 MEASUREMENTS REQUIREMENTS 

A. Fixed Beam Antenna Characteristics 
No comments. 

D. Scannint Beam Antenna Characteristics 
No comments. 

C. Low Noise Amplifiers 
Measitfements should indudet 

0 Output Power 

Can be measured by the same instrument that 
measures the received signal level. 

0 Gain Response and Stability, inband ripple, gain slope, 
o Gain measurement and resolution. 

0 L.O. phase ndse is a oltical impairment parameter 
and should be measured. 

D. IF Switch 

Settling time after twitching should be measured. The effect cd 
switching on signal impairments should be evaluated. 
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E. TWTA and Solid Sttt< Amaiiflft 
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Input VSWR should be measured. 
P. Baseband Processor 


The demodulator perljrmanoe Is a aitlcal factor for the link 
performance. The eif*c; of demodiiator caused Impairments on the 
BER should be measured and evaluated. For the burst Identification on 
the BER should be measured and evaluated. For the burst Identification 
bits requirementf the contractor should be ^ven the option of an 
optimum preamble design* 

G. Satellite Attitude Control Data 


No comments. 

2.2 TRACKING. TELEMETRY AND COMMAND REQUiREfc^N TS 

A. Data Transmission 


No comments. 

B. Command Equipment 


Switching command for the various test instruments on the 
spacecraft should be added. Also redundancy switching for TTdcC and 
status of the equipmem should be Included. 

2.3 BEACON REQUIREMENTS 

This should be Included in Appendix B of the Requirements Documents. 
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3.0 


MASTER CONTROL STATIW 


A. Slnet th« earth station in the network encounter different 
propagation environment, the fundamental system parameters mortitor- 
ir^ equipment should be place in the earth terminals. Data will be 
collected te support the experiments at the ground station, the sateliite 
and the CCS. Selected data at the ground terminals will be collected 
continuously as part of remote control fault monitor subeystem. The 
data gathered by tMs subsystem will be available on request from ^ 
CCS over the sv«tem orrter wire. The data coUeaed from moidtering 
instruments at the spacecraft will be downlinked to thie CCS via the 
TT^ link. The data collection, analysis and storage system to 
summarize demonstration system performance will be contained in dte 
CCS. The fundamental system parameters should be consistent with 
the design of the aerospace contractor. 

B. Secondary System Parameter Monitorimt 
No comments. 

3.1 MEASUREMENTS REQUIREMENTS 
No comments. 

3.2 MCS OPERATION AND DATA REDUCTION 

Diversity Management applies to both uplink and downllrtfc. 

0.0 EXPERIMENTER GROUND STATION 


Since the experimenter ground stations are supplied by the expert 
menters titemseivrs, thdr instrumentation requirements, otiter than those required 
to operate within the 30/20 GHz syst^, should be their responsibility rather than 
a requirement imposed on NASA. 


PS- 1 


Continuous CONUS coverage 30 aiid 20 GHz downlink beacons should be 
incorporated on the spacecraft and specified in ^>pendix B. 


PS-2 

A continuous 20 GHz digitally coded beacon signal should be transmitted 
from the spacecraft. The beacon ^ould be specified in Appendix B. 


PS-3 

No comments. 


PS-» 

Continuous beacons at frequencies above 40 GHz should be incorporated in 
the spacecraft and specified in Appendix B, the 30/20 GHz Experimental 
System Requirements Document, if they are to be provided. 


PS-8 

No comments. 


PS-9 

No comments. 

PS- 10 

No comments. 

PS-11 

No comments. 

PS-12 

No comments. 

PS-13 

Deleted from Table I. 
PS- 14 

No comments. 
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PS-15 

No comments. 
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PS-16 

No comments. 

PS- 17 

CPS mode measurements should be included in Table I in accordance with the 
Experiments Planning Document. 

PS- 18 

CPS mode measurements should be included in Table I in accordance with 
Experiments Planning Document. Timing and synchronization measurements 
are not necessary to meet the objectives of this experiment. 

PS-19 

Could be conducted in conjunction with PS- 17 using CPS earth stations in 
conjunction with er sting long haul facilities. 

PS-20. PS-21 

These two experiments can be conducted by simulation, as it is impractical 
for drect demonstration systems experiment. Should be deleted for same 
reason as PS-22 and E*S-23. 

PS-22. PS-23 

Deleted from Table I. 

PS-24 

No comments. 

PS-25 

This experiment requires portable terrestrial microwave equipment as do the 
other diversity experiment requirements. 

PS-26 

CPS mode parameters measurements should be included in Table I for this 
experiment. 
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PS-27 

20 GHz and 30 GHz beacons should be incorporated in the spacecraft and 
specified in Appendix B of the Requirements Oocixnents. 

PS-2S 

No comments. 

PS-29 

Same comments as PS-27. 

PS-30 

No comments. 

PS-31 

Beacons at the frequencies 6, 12, 14, 20, 30 GHz are required for this 
experiment. The beacons should be specified in Appendix B of the Require- 
ments Documents. 

PS-32 

No comments. 

PS-33 

Same comments as PS- 27. 

PS-34 

No comments. 

PSAT-1 

No comments. 

PSAT-2 

Implies CPS mode measurements by definition as opposed to trunking mode 
measurements as shown in Table 1. 

PSAT-3 

No ccmiments. 
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PSAT-4 


No comments. 


No comments. 


Deleted from TaUe I. Incompatible with system design concepts. 


CPS mode measurements should be included in this experiment since rain 
attentuation effects are more critical to CPS operation than to diversity 
trunking operation. 


No comments. 


Parameters to be measured should include timing and synchronization. 
Terrestrial interconnect link required. 


No comments. 


Horizontally and vertically polarized beacons should be incorporated in the 
spacecraft and specified in Appendix B. 


No comments. 


No comments. 


No comments. 
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PT-4 


No comments* 


PT-6 

Deleted from Table I, not compatible with system desipi concepts. 


PT7 

No comments. 


PT-9 

No comments. 

PT-11 

No comments. 

PT-12 

No comments. 

PT-13 

Ddeted from Table I, not compatible with 30/20 GHz program objectives. 


PT-14 

Same comments as PT-6. 

PT-13 

Deleted from Table I, antenna size not consistent with system design 
concepts. 

PT-16 

No comments. 

PT-17 

Same comments as PT-16. 

PT-18 

No comments. 
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PT>19 

Btsiic re<^irements for this experiment related to propagation effects 
commented on previously. 

PT.20 

Link performance parameters to be measured should Include LNA received 
signal strength, transmitted power and uplink BER In the spacecraft, and 
received signal strength, BER, transmitted power In the earth terminal. 

PT-21 

Trunking mode measurements should also be Included In this experiment. 
PT-22 

Same comments as PT>6. 

PT>23 

No comments. 

PT-24 

No comments. 

PT-23 

This experiment requires the Incorporation of C-band beacon In the space- 
craft. Provisions for this beacon should be made in Appendix B of the 
Requirements Documents. 

PT-26 

This should be conducted by the contractor as part of the acceptance test. 
PT-27 

No comments. 

PT-28 

No comments. 
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APPENDIX A 

30/20 GHZ EXPERIMENTAL COMMUNICATION SATELLITE 
EXPERIMENTS DOCUMENT 

A.1 INTRODUCTION 


This Appendix contains the Experiments Document reviewed by Western 
Union in accordance with Technical Direction No. 2 of the NASA Contract 
NAS3 -22451. 
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niOhrlBAanat: 6221 


Wtstem Union Ttlegraph Company 
Govarnment Systems Division 
Attn: C. Siperko 
7916 Westpark Drive 
McLean, Virginia 22102 

I* 

Subject: Contract NAS3-22461, Technical Direction No. 2 

In accordance with paragraph 2.7 (Task 7) and pursuant to Article VII, 

r 

Technical Direction , and within the total cost estimate set forth In 
Article VI, Estimated Cost , of this contract. Western Union Is hereby 
directed to review and critique the attached 30/20 GHz Experimental 
Communications Satellite Experiments Requirements Document. 



Technical Manager 


Enclosure 
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July 1. 1981 


30/20 GHz EXPERIMENTAL COMMUNICATIONS SATELLITE 
0 EXPERIMENTS REQUIREMENTS 


1. INTRODUCTION 

Tht purpose of these experiments requirements Is to Identify en Integrated 
set of requirements for Instrumentation and related systems that will satisfy 
the needs of all the 30/20 GHz communications satellite experiments. These 
experiments requirements are derived from a review of the Experiments Planning 
Document (EPD) dated June 1980. and documents made available by the NASA Phase I 
and II 30/20 GHz communications satellite contractors. 

Recent 30/20 GHz experimental system technical requirements have precluded 
a number of experiments In the EPD. The experiments that can be accommodated 
with the updated system requirements are examined herein. 

The requirements for the candidate experiments differ considerably from 
those of simple repeater* type satellites. Unique system features for the 30/20 
GHz satellite Include the TOMA signal format, satellite switchable Intermediate 
frequency (IF) and baseband signals, scanning antennas, forward error correction 
(FEC), and power adaptation to compensate for rain fades. Therefore, different 
approaches for monitoring the network parameters and new techniques to measure 
the signals are required. 

The experiments requirements are divided Into three categories: (1) satellite 
on-board requirements, (2) master control station requirements, and (3) require- 
ments for the dedicated ground station which are to be procured by the experi- 
menters. The experiments requirements are synopsized In Table I. 

2. SATELLITE ON-BOARD REQUIREMENTS 

It Is recognized that equipment on board the satellite must be kept 
to a minimum to conserve power and weight but must also provide 
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(UU ooUtotton and othtr Ainotioiia to aehiovi tht •zporiiMntal 
purpoMt. Tho^^SS^iMBMiitetien roquIrooMRU art outttnod balow for 
•aoh Mfor on-board ooouaunieation ooaponant* In aoot oaaoa, aquip- 
■ant raquirad by tha poaaibla taohnotogy (PT) axparlaaota to eharae- 
tarUa tha eomponanta for taohnotogy daralopDant ia alao raquirad aa 
baaie Inputs for poaaibla aapifta (PS) and poaaibla abaa ta a and taehaoir 


ogy CP8AT) axparinanta. Thara may alao ba additional opportunitias to 
eombina instrumantations to raduoa oomplaidty, a.g«» tha output 
maaauramant of ona davioa oould ba tha input maaauram«it of anothar. 


2.1 Maaauramant Raouirtmanta 


A. Antanna oharaetaristios monitoring for fixad-baam antannaa. 

1. Polarization monitor: 

(if switehabla polarizations ara imi^amantad) 

2. Pointing accuracy: 

EM. *0.01<* HS (direct maaauramant if poaaibla) 

3. Tranaadttar antanna miamatoh: 

(to ba darivad from TWTA output port raflactad power 
data) 

4. Antanna switch status: 

NY/Houaton. WDC/Tampa 

B. Antanna oharaetaristies monitoring for scanning beam. 

1. Pointing accuracy: 

*0.01^ EW, *0 0.01^ N8 (direct maaauramant if poaaibla) 

2. Pointing command status: 

Command data for beams 1 and 2. 5 bits par beam 
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3* TruiMBitttr anttniia BtoiMteht 

(to bt dtrivtd firoa TWTA output port rtflootod powtr 
daU) 

4. Switehing tlmt: 

5-ptoo nagt. 0«l-pMo rotolution 

C. Lew note# aapHfltrt. 

1. HdiM figure aoeturtinent: 

g-dB range, 0*33-dB resolution 

3* Reoeived signal level: 

S0*dB range, 0.35*dB resolution 

3. Cslibrstion nethod for (1) and (3) to aaintain aeeuraey 
of O.S dB 

D. IF switehes. 

1. Input signal level: 

10*dB range, O.S9-dB resolution 

2. Output rignal level: 

10-dB range, 0.3$-dB resolution 

3. IP swltohes interoonneetiOT configuration: 

6 bits to indicate interconnections 

4. IF switches switehing time: 

4* to 20«nseo range, 1-nsee resolution 

£• Traveling wave tube amplifiers (TWTA) and solid-state 
amplifier (8SA). 

1. Input power level: 

20-dB range, 0.3S-dB resolution 
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2* Output power ItTtlt 

2MB rtnge, 0.2S-dB retolutioQ 
2* Output pert rofltettd powort 
20-dB rengo, 0.2S-dB resolution 

4. D«C. voltage and current: 

AlO volts froB noolnal, 0.1-volt resolution 
*2 asips froa nonlnol, O.Wbp resolution 

5. Teaperature: 

TWT aaipUfier f^ 0 B nominal* resolution 

8olid*state devloe Junction temperature -SOOC to ^ISO^C 
ftam nominal* 1^ resolution 

6* Multiple power mode switohlng time: 

10- to 100-psee range* 1-psee resolution 

Mode eoramand status 2 bits 

Baseband proeessor (BBP>* 

1. Bit error rate (BER) monitoring equipment for each 
up-Unk reoeiver for each transmission: 

to 10*^ range (4 decade)* 0-bits resolution 

Burst Identifioation: 10 bits 

2* Reeelved signal level for each up-Unk transmitter: 

SO-dB range* O.S-dB resolution 

Burst Identification: 10 bits 

!• Burst positien relative to fYame period: 

1- to 100-psec range* l-psec resdutien 

Burst Identifloation: 10 bits 
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1- to 100«^Me nnfo* I-rmo rotolutten 
Bunt Idtntlflettloiit 10 MU* 


0. Carrtor firtquoney: 


*000 MHs flroB noninal* 0.1-MHs ntolution 


G. SotolUtf ottitudo oontrel data. 

fatoUit* poaitiaii and polntlnf data wSl bt availabla to tupport 
axparlnantal data nduetion and ainlyMa. 

TfAA&d.u^0i) 

l«l ^Talamatry and Command RaoulraiBanta 

In addition to tht inatfuamiUlto^Mnion natdad to ptrforn tha 
•aaaunatnti indieatad abovt, a^t^aUry and ooamand ayataa to 
nquirtd. Tha tystan wUl pa!rfora tha oaual aatallttc oparationa, aueh 
aa pewar aanafamant and ayataa Banitoilnf* AdditionaUyt 
raquiraoMnU will ba plaead on thto ayataa by tha axpariaanta. 

A. Data tranandaaion. 

1. Data praproeaaafng and foraatting of axparlaant data 
eeUaotad In tha aataUita. 

S. RF bnk to eantnl oontrol atation 

Ka band - priaary link (aaparata from tnnapcndara) 

8 band - backup link 

3. Data rata of axpailBMnt data (TBD) 

B* Coaaand aquipaant oontrol of tha following funetiona* 

1. CPS/Trunking aalaetion 

3. IF awlteh prograa 

8« Antanna awitohing 

4. BBP 
TWT powar 


.;i.U4ut 


0 
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6. FEC 

7. Soanning inttnnt progrtm 
t.S Btcon R»Qulrtatntt 

A Bmooh tnntmltttr that continuously U'snsnits is rtquirtd for 
oseh of tht following frtquondtt: 


Frequency (GHz) 

0.8 

SO and 30 

42 

94 

Power (watte) 

2 

2 

1 

0.5 

Coverage 

CONUS* 

CONUS* 

CONUS* 

Eastern U.S 

Modulation 

Continuous 

100 Mbps, 
pseudo 
random 
biphase 

100 Mbps 
pseudo- 
random 
biphase 

Continuous 

Polarization 

Linear 

Orthognal 
Linear, 
switched 
at 1 KHz 

Linear 

Linear 

Allowable 

Phase Noise** 

0.1 

0.8 

1.0 

2.0 

Purpose 

Mobil 

Servioe 

Multipath 

20/30 rain 
fade effects 

Future 

oommxmi- 

oation 

satellites 

Model veri- 
fication 


*Contintnttl Unittd Ststss. 

**Inttgrsttd phtst ndst (10 Hz to 100 MHz) in rod RMS. 


Isoh of thsss bsseont ihsU bo ttsbls in snpUtudos to 0.1 dB por 
hour. Ths power output Itvsl shall bt monitored to 0.1 dB absolute. 
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i iilTI t AL CONTROL STATION EXPERIMSMT REQUIREMENTS 




MdS 

Tht Piiilfi» Control Sutlon (MS) ptrfornt tho total lyttao 
MnagoBont and oparatlon throughout tha Efa of tha apaeaeraft* Dur> 
Ing tha axpartmant parted • tha jSfil oontrola tha ayatam oonfigurations 
and M|puroaa to aatiafy tha axpartmant raquiramanta. Functionally » 
tha fiss eoBprtaaa (1) a avatar atation with tha eapabflity of oomniuni- 
eating with trunking and CPS atationa, (3) a TTaC and ooiaaiand link 
to oontrol tha aatallita and oollaet tha data ganaratad by tha inatru- 
aantation daaertbad in tha feragoing aaetian* and (3) a data prooaaaing 
i;^ ^aiy a tf S^tha axpartm«it i aau lta . 


omtar 






Tha axparlnant raquiraaianta input doeuman^indieatat that a broad 
apaetrum of axparimants is propoaad. If all paramatars of intarast for 
tha oandidata axparimants wars to ba saparataly instrumantad and 
raeordad, tha raquiramants would ba axeassiva. In ordar to constrain 
tha total instruoantation raquiramants in a taehnieally faasibla and 
oost-atfaetiva mannar, tha system paramatars ara intagratad balow into 
two eatagortas: Cl) ftindamantal systam maasuramants and (3) 

saoondary maasuramants. Tha fundammital systam maasuramants ara 
baaie data raquirad by tha siajortty of tha oandidata ^xj^rimants and, 
tharafora, ara to ba maasurad and raeordad by tha 4^ on a regular 
basis for input to all tha axparimants. Tha saoondary systam maasura- 
mants ara those data that can ba darlvad aithar from tha fhndamantal 
systam maasuramants or by spadsl instruments. 


3.1 Maasuramant Raquiralnants 


A. Pundamantal Systam Paramatars Monitoring Equipment. 


1. BER monitoring equipment for down-link signals: 

10*2 to 10*2 range (4 decade) , 6-bits resolution 
Burst Idantificatien: 10 bits. 


I. 

3. 

4. 

5. 

6 . 


7. 
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PAor 

quality 


NoUt powtr tov«l: 

50<> to tSO^K rangOt l^K rotolution 
Boofivtd bunt ilgnal teval: 

SO-dB nngo, O.S-dB niolutton 
Bunt petition nUtivt to fnmt ptrlod: 

1- to 100-}iMo nngt, ntdlution *1 doek ptried 
Fnao ptrlod: 

•00- to 1100-pato nngt, ntolution *1 dock ptrlod 
Bunt f^qutney: 

klOO-Mhf nngt, 0.1-MHx ntdution 
Bttoon rtedvtr: 

Atttnuation - ovtr all aoeuncy of 0.25 dB 

Dtpdarlsttion 

Scdntillttion 


B. Stoondtry Sytttn Ptnatttr Monitoring or Data Rtduetlon. 
(Furthtr dtt^t to bt tuppUtd.) 

1. Mttaagt trror ntt: 

8. Channd eapadty: 

3. Powtr adaptation and dtt twitehovtr: 

4. Echo tfftott: 

S* Tint dtlay afftett introduotd by aatallitt: 

6. Sytttn loading tfftott: 

?• Inttrohanntl inttrftrtnet: 

STAnwJ 

3.3 Mttttr Control Optra tion and Data Rtduction 

In addition to tht instrunantation atnaors nttdtd to ptrform tha 
ntaaunnanta indiottad abova, tha control and procatting aquipmant 
liatad btlow la nqulrad. 
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A. Configurttion Control and Monitoring Equipmont# 

Bquipmtnt and aoftwara to monitor tha antannaa, powior 
anpUfiartf IF awitehaa* and BBP on tha apaoaeralt, to non* 
itor participating aarth atationa* and to provida automatad 
raaponsaa in raal tina to rain fiidaa by tnoraaaing powar and 
introducing FEC. 

B. Oivanity Managamant. 

Equipmant and aoftwara to monitor tha eantral station divar- 
city tarminal and to tranafar to that station whan tha trunk- 
ing tarminal signal fills balow that of tha divarsity tarminal. 
Tl^ is to ba aooompUshad without intarrupting tha data flow. 

C. CPS Routing 

To raspmd in raal time to ordar wire sarviea raquasts by 
assigning tlma slots and issuing routing commands to tha 
BBP. 

D. Data Processing Equipment. 

1. Compute ephemaris time 

2. Compute CPS and Trunking SS-TDMA schedule, dwell 
time, and system connecti<ms according to the experiment 
requirement 

3. Raal time data collection from the satellite and central 
station terminals 

4. Off-line data collection for experiments of general 
interest 

5. Data smalysie and central data archiving 


4. EXPERIMENTER GROUND STATIONS 


In addition to the general requirements for ground stations as 
mentioned above, the ground stations to be supplied by individual 
axparimantars will contain spedalisad instrumentation to accomplish their 
specific raqtiirad measurements. Tha major items of this equipmen. are 
(to ba deterodnad). 
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l.O GENERAL COMMENTS 


The statement of work describes a minimal 30/20 GHz communication 
system. In general the statement of work imposes minimum requirements which 
can be easily construed as goals. There is no encouragement to bidders to propose 
alternative or optional extensions to the statement of work. For example^ 
specifying data rates, exclusion of FDMA for trunking, iack of cross-connccti^ty 
between the CPS and trunking subsystems, simultaneous CPS and trunking 
operation. Appendix A of this Task 9 report contains the technical requirements of 
the 30/20 GHz Experimental System provided by NASA to Western Union for 
review. 


NASA is currently funding technology development programs for 
various communication subsystem POC assemblies. The SOW does not stress 
utilization of the hardware under development. Their use should be required unless 
a contractor can show that his recommended alternatives offer performance and 
cost advantages. 

The bandwidth requirements specified for the LNA, IF switch matrix, 
antenna and power amplifiers is inconsistent with that specified in the respective 
technology program SOWs. The bandwidth specified for the above assemblies is 
300 MHz (except for the TWTA). All of these assemblies are in series in the 
trunking transponder configuration. IF the contractor's design is limited to 300 
MHz, the overall transponder bandwidth can be expected to be less than 300 MHz 
due to bandwidth shrinkage. Additionally, the useable bandwidth for TDMA 
operation would normally be constrained to something of the order of 80% of the 
channel bandwidth required for the transmission rates to be used. The implications 
are that the frequency plan could be constrained to a single fre^ency or two 
frequency plans with some overlap as a consequence of overall bandwidth 
limitations. Since the downlink transmission rates of the CPS and trunking 
channels are the same, resulting in the same channel bandwidth requirements, and 
the CPS beams will overlap trunking beams. The bandwidth limitations, therefore, 
could possibly preclude the potential for simultaneous CPS/trunking operation, and 
CPS/trunking interconnectivity. Furthermore, Washington, DC and New York 
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beams can possibly interfere with each other as a result of diannel overlap. It is 
suggested that the specified bandwidths be re-evaluated so that the overall system 
bandwidth might be on the order of 30% of 2.5 GHz (750 MHz) or at least adequate 
for a non-overlapping two channel frequency plan. 

The SOW does not explicitly address demonstration of transponder 
resource allocation to accommodate traffic flow imbalance between beams and 
traffic flow peaks. Similarly, reconfiguration of the IF switdi matrix routing 
sequence specified as 2.0 microaecondb is not dear. In reconfiguring the switch 
connectivity se^endng and reallocating resources (increasing/decreasing number 
of burst slot assignments) program changes in the on-board switdi controller and In 
earth station controllers should occur within a guard time slot to avoid losing 
synchronization and to insure that the IF switch and earth station reconfigiration 
arxi burst slot assignment changes occur simultaneously. The limit on the overall 
sequence of events could be spedfied as 2.0 microseconds for darity, but with no 
loss of timing and syndironization. 

The SOW has no provision for beam isolation or cross polarization 
isolation measurements for the trunking system. The SOW, therefore, should 
consider one steerable beam and a beam with polarization switdUng capability. 

2.0 SPECinC COMMENTS 


Paragraph 3.0.h (1) 
Paragraph 3.0.h (2) 


Paragraph 3.0.h (3) 


Paragraph 3.0.h (4) 


No comment. 

Let the contractor provide data relative to his 
design capability. 

Because of bandwidth shrinkage, the bandwidth 
requirements for TDMA transmission and useable 
bandwidth within a channel, potential interfer- 
ence problems are possible between Washington, 
DC and New York beams. 

This is a key objective of the system and is 
understood. 
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Paragraph 3.0.h (5) 


Paragraph 3.0.h (6) 

Paragraph 3.0.h (7) 
Paragraph 3.0.h (8) 


Paragraph 3.0.h (9) 
Paragraph 3.0.h (10) 
Paragraph 3.0.h (11) 
Paragraph 3.0.1 (1) 
Paragraph 3.0.1 (2) 


Paragraph 3.0.1 (3) 


This paragraph constrains the system to SS- 
TOMA. Alternate design should be encouraged 
to Incorporate PDMA access as well as SS- 
TDMA to provide the system with more flexlbll* 
ity as a development test bed. 

Should ^)eclfy a minimum bitfst rate of 240 
MBPS. MSPS should read MBPS. 

General Comments. 

Range of power control should be Identified 
after design analysis to determine total margin 
and diversity gain necessary to satisfy avallabli* 
Ity requirements. The validity of margin 
numbers relative to rain attenuation character- 
istics for all rain zones at various levels of 
availability is still questionable. If availability Is 
not a criterion for the test bed demonstration 
system, these m^nbers are acceptaUe. 

No comment. 

No comment. 

No comment. 

No comment. 

Identify the number of CPS stations as a 
minimum and let the contractor determine 
capabilities of his proposed system beyond the 
minimum. 

Why Identify a limit. Less than ten (six, for 
example) could be aco>mplished In one beam 
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Paragraph 3.0.i (4) 
Paragraph 3.0.i (3) 

Paragraph 3.0.i (6) 
Paragraph 3.0.i (7) 
Paragraph 3.0.i (8) 
Paragraph 3.0.i (9) 

Paragraph 3.0.i (10) 

Paragraph 3*0.i (11) 
Paragraph 3.0.1 (12) 
Paragraph 3.0.1 (13) 


dwell location and Is, therefore, not very 
meaningful. The address coding Is all that needs 
to be changed for broadcast (multl*destination) 
reception. 

Nc comment. 

The ability to provide either open or closed loop 
synchronization capabilities must be compatible 
with baseband processor capabilities. The 
contractor should identify design changes 
required in the baseband processor. 

No comment. 

No comment. 

MSPS should read MBPS. 

No mention is made of power control. As noted 
previously In the comments in Paragraph 3.0.h 
(8), the vali<fity of the mar^n numbers are 
questionable and the comments given there 
apply. 

Same as 3.0.h (9). The contractor idwuld develop 
a strawman model to estimate the maximum 
number of stations expected to require adaptive 
link margin augmentation. 

MSPS should read MBPS. 

MSPS should read MBPS. 

No comment. 
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Partgraph 3.1 (a) 


Paragraph 3.1 (b) 
Para^p'aph 3.1 (c) 
Paragraph 3.1 (d) 
Parapaph 3.1 (e) 
Paragraph 3.1 (0 
Paragraph 3.1.1 


Paragraph 3.1.1 (b) 


Spacllylng sattllltt location at 100^ w«st 
lon^tudo it the optimum location. Since exten- 
sion of this system to an operational network is 
an Important requirement of 30/20 GHz system, 
the contractor should provide analysis for 
locating tite satellite at the extreme locations of 
the orbital arc. The scan loues, rain margins 
and availability are directly affected by the 
satellite location. 

No comment. 

No comment. 

No comment. 

No comment. 

No comment. 

The performance characteristics of the advanced 
technology hardware should be consistent with 
the applicable assemblies being developed under 
the technology development program and 
emphasis placed on their use. Alternative 
designs proposed by the contractor shodd be 
justified on the basis of Improved performance 
and cost reduction. 

The contractor should submit a test plan that 
Includes the description of the proposed Instru- 
mentation required for various experiments 
detailed In Appen<fix C. The impact on cost, 
weight and power on the flight system should be 
addressed. It should be noted that the experi- 
mental plan refers to, for example, swltchable 
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polarixatlon, varlom opdlng idiamaa for 
optimum perlormanco whereat no mention of 
this la made in the tyttem design concept. 

Paragrtph 3.1.1 (c) 

No comment. 

Paragraph 3.1. 1.1 (a) 

Recomment antenna mlrdmum bandwidth 1.3 
GHz and 2.5 GHz as target. Pur^rmoroi 
antema bandwidth of 500 MHz Is not consistent 
with Paragraph 3.0Ji (3) where the bandwidth 
specified is 0.3 x 2.5 « 750 MHz. 

Paragraph 3.1. 1.1 (b)(c) 

The maximum dimension of the reflector as 
resttiaed by the launch vehicle should be 
specified. The minimum gains required should be 
specified taking into consideration scan losses 
for satellite location at the extreme end of the 
useable orbital arc. 

Paragraph 3.1. 1.1 (d)(e^ 

- No comment. 

Paragraph 3.1. 1.1 (1) 

- No comment. 

Paragraph 3.1.1.2 (a) 

• Croes-connectlvity between CPS and trunldng 

should be coraidered. 

Paragraph 3.1.1.2(b) 

• See General Comments. 

Paragraph 3.1. 1.2 (c) 

- The bandwidth should be consistent with the IP 

Switch matrix being developed, where the switch 
bandwidth is 2.5 GHz. 

Paragraph 3.1. U (d) 

• Switching plus settling time of the IP switch 

should be addressed and these omsldered with 
respect to guard times, unique word length 
reqidrements, etc. 
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Paragraph 3.1. 1.3 

Paragraph 3. 1.1. 4 (a) 
Paragraph 3. 1.1. 4 (b) 
Paragraph 3.1.1.4(c) 


Paragraph 3.1. 1.4 (b) 

Paragraph 3.1. 1.5 (a) 
Paragraph 3.1. 1.5 (b) 
Paragraph 3.1. 1.5 (c) 


Paragraph 3.1. 1.6 (a) 


Paragraph 3.1.1.6(b) 


Specify requirements for baseband processor 
consistent with technology development SOW. 

No comment. 

No comment. 

Since the TWTA will be operating in high power 
mode less than 0.01% of the time, increasing the 
efficiency at lower power level may reduce the 
prime power requirement if it is feasible. 

750 MHz bandwidth is not consistent with the 
bandwidths specified in the technology program 
SOW. 

No comment. 

No comment. 

Bandwidth is not consistent with TWTA to which 
SSPA serves as a backup and also is not 
consistent with technology development program 
SOW. 

1200^K appears to be too high. With LNA noise 
figure specified as less than 5 db, total noise 
contribution should be approximately 900^K. 

No comment. 
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APPENDIX A 

30/20 GHZ EXPERIMENTAL SYSTEM 


A. I INTRODUCTION 


This appendix contains the technical requirements for the 30/20 GHz 
Experim'^tal System provided by NASA. Western Uni-)n reviewed this document as 
part of Contract NAS3- 22461 under Task 9. 


A-1 
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This document presents the technical requirements for the 30/20 GHz 
Experimental System. The requirements define the 30/20 GHz Experimental 
System that will be developed to verify the advanced technology required 
to enable orbit and spectrum conservative Implementation of satellite 
communications In the 30/20 GHz frequency band. The advanced technology 
employed In the 30/20 GHz Experimental System must be scaleeble to 
operational system requirements defined herein. 


2.0 Definitions and Abbreviations 


2.1 Definitions 

Experimental System; T he flight system, the NASA trunking station, 
the NASA customer premises services station, the Master Control 
Station, and any other NASA ground equipment necessary for operating 
the flight system (I.e., ranging station). 


Flight System ; The spacecraft bus and comnun lest ions payload. 

Spacecraft Bus : The part of the flight system which includes the 
following subsystems: electrical power; attitude control; reaction 

control; propulsion; thermal control; structure; telemetry, 
tracking, and conmand; and any others required to support the 
coinnunl cations payload. 


Conmuni cations Payload : The part of the flight system which 
performs the communications and RF beacon functions and contains the 
required technology for flight verification. 

Space Transportation System : The Space Shuttle (orbiter, external 
tanks, solid rocket booster, and flight kits), upper stage, and any 
associated flight hardware and software excluding the apogee motor. 
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Master Control Station (MCS) : The station which performs all 
functions associated with the control and operation of the flight 
system, NASA Ground Station System, and experimenter stations. The 
MCS also provides monitoring and/or control of the STS upper stage. 

NASA Ground Station System ; The NASA trunking station, the NASA CPS 
station, and any other necessary ground equipment required under the 
Execution phase contract. 

NASA Trunking Station: Tiie primary terminal, a diversity terminal, 
and the associated Interconnect, with capability for providing 
conrnunl cations using th« fixed beams or the scanning beams. 

NASA CPS Station: The NASA transportable station which provides 
only the low b**rst rate communications using the scanning beams. 

Experimenter Stations : The trunking, CPS, and other stations to be 
provided by the experimenters. 

2.2 Abbreviations 

BER: bit error rate 

6BP: baseband processor 

CONUS: contiguous United States 

CPS: Customer Premises Services 

C/I: carrier to interference ratio 

db: decibel 

dbm: decibels referenced to a milliwatt 

EIRP: , effective Isotropic radiative power 

FDM: frequency division multiplexed 

FEC: forward error correction 

Gbps: gigabits per second 

GHz: gigahertz 

G/T: antenna subsystem gain/total received system noise 

temperature 
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IF: Intennediate frequency 

^ Kbps: kilobits per second 

KM?: k1l chert? ORIGINAL PAGE IS 
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MCS: Master Control Station 

^ MHz: megahertz 

Msps: megasymbols per second 

RF: radio frequency 

SSPA: solid state power amplifier 

f' SS'TDMA: satellite switched • time division multiple access 

STS: Space Transportation System 

TDM: time division multiplexed 

TDMA; time division multiple access 

TTiC: telemetry* tracking, and command 

TW7: traveling wave tube 

TWTA: traveling wave tube amplifier 

3.0 30/20 GHz Experimental System 

a. The Experimental System shall consist of the flight system, the NASA 
ground station system, and the Master Control Station. 

b. The Experimental System shall operate within the 27.5 to 30.0 GHz 
band on the uplink and within the 17.7 to 20.2 GHz band on the 
downlink. 

c. The Experimental System shall be capable of providing (1) 
communications using the fixed beams between the NASA trunking 
station plus five experimenter trunking stations; (2) communications 
using the scanning beams between the NASA trunking station, the NASA 
CPS station, plus forty experimenter CPS stations; and (3) support of 
RF beacon experiments. Items (1) and (2) are not required to be 
simultaneous. 
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d. The Experlmenttl System shall provide the capability to conduct the 
experiments defined In Appendix C, Experiment Requirements Document, 
and tu satisfy the project requirements defined In Appendix A, 

' Mission Need Statement. 

e. The Experimental System shall be designed to operate for four years. 

f. Provision for trunking communications, CPS communications, and RF 
beacon operations during eclipse shall be limited to that required 
for evaluation of the thermal performance of the antenna subsystem. 

g. Conmunl cations Is not required for a ground station durin'j the time 
the sun, flight system, and ground station are In alignment. 

h. The Experimental System shall meet the following trunking 
requirements: 

(1) Interconnectivity and coverage shall be provided simultaneously 
for up to four nodes within a network of six nodes. A node Is 
defined as one or more trunking stations located within the same 
beam. Stations operating at the same frequency but In different 
beams shall be no closer than two antenna beamwidths. The final 
beam locations (to be located within CONUS) will be specified by 
NASA on or before the Execution phase contract preliminary 
design review. 

For the System Definition Study, the six nodes shall be assumed 
to be- Cleveland; Los Angeles; New York; Washington, D.C.; 
Houston; and Tampa. Simultaneous communications shall be 
provided between Cleveland; Los Angeles; New York or Houston; 
and Washington, D.C. or Tampa (Figure 1). 

(2) Within the active four node trunking network, six trunking 
stations shall be capable of being operated on a TOMA basis. 


t 
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Provisions shill bt midt for icconnoditlng thrn trunking 
stations ptr btam. 

(3) For thf Systam Dtfinitlon Study, tht trunking btams shall use 
the same frequency spectrum except for the Washington, D.C. beam 
which shall use an adjacent frequency spectrum. In order to 
demonstrate spectrum conservation, the total spectrum utilized 
shall be less than 30 per cent of the 2.5 GHz allocated 
bandwidth. 

(4) Interconnection of the connunl cations trunking network shall be 
accomplished via the flight system. 

(5} Access method shall be TOMA; routing shall be SS^TOMA. 

(5) The uplink and downlink burst rates shall be fixed and shall be 
within the range 240 Msps * 10 per cent. The throughput 
capacity of each trunking beam Including the overhead shall be a 
minimum of 240 Mbps ^ 10 per cent. 

(7) The Experimental System shall contain all controls and 

associated equipment to provide the capability to operate all 
trunking channels over the entire output power range of both the 
uplink and the downlink. Power control shall be managed from 
the MCS and shall be automatic. 

(6) The end-to-end bit error rate on all trunking links shall be 
maintained at less than 10*^ through the use of power 
control. The power control shall automatically (without 
operator Intervention) accommodate uplink rain fades of up to 18 
db and/or downlink rain fades of up to 8 db whenever the rain 
fade rate Is less than 1 db per second (rain fade rate to be 
updated at System Definition Study contract award). Forward 
error correction coding to Improve rain degraded links shall not 
be utilized. 
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(9) Tht trunking systam shall be designed to have at least 90 per 
cent probability of providing trunking coninuni cat Ions after the 
initial on-orbit oper.itlon^'i date as follows: 

(a) Between any six beam locations with four active channels 
for 0 to 2 years. 

(b) Between any four beam locations with three active channels 
for 2 to 4 years. 

Note: This probability will be updated at System 
Definition Study contract award. 

(10) Any trunking station shall be assigned participation Into or 
removal from the trunking network only through the MCS. 

(11) The Experimental System shall be designed to provide 
communications between trunking ground stations having an 
antenna diameter of five meters. 

1. The Experimental System shall provide CPS services that meet the 
following requirements: 

(1) Coverage shall be provided simultaneously by two. Independent 
flight system scanning beams. Each beam shall serve a 
contiguous sector and a portion of six nodes within CONUS 
(Figure 1). Each contiguous sector shall be contiguous to each 
other for a minimum of three beanw^ldths. The CPS coverage will 
be finalized by NASA on or before the Execution phase contract 
preliminary design review. For the System Definition Study It 
shall be assumed that the total contiguous sector coverage area 
shall Include New York, Washington, D.C.; Atlanta; Chicago; and 
Cleveland. The six nodes shall be at Denver, San Francisco, 
Seattle, Dallas, Omaha, and Phoenix. 
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(2) Thirty CPS stations shall be capable of operation within one 
scan period of each scanning beam. Provisions shall be made for 
accommodating six CPS stations \srr beam .Iwell location. It 
shall be assumed that 75 per cent of the stations In a scanning 
beam area are low burst rate stations and 25 per cent are medium 
burst rate stations. 

(3) The CPS system shall provide Interconnectivity among all CPS 
stations on a circuit-switched basis with a minimum equivalent 
circuit capacity of one voice channel (64 Kbps). The CPS system 
shall also provide the capability to distribute CPS traffic on a 
one station-to-several stations (less than 10) basis. 

(4) Communications among the CPS Stations shall be conducted on a 
FOH/TOMA basis through the use of a scanning multi -beam antenna 
and a baseband processor on board the flight system (refer to 
Section 3. 1.1.3 for definition of baseband processor). Multiple 
accessing In the CPS network shall be conducted under control of 
the MCS according to a reservation scheme. 

(5) Synchronization of the CPS network Is to be accomplished through 
a closed loop mode of operation. The capability to conduct open 
loop synchronization experiments shall be Included. 

(6) The f>BP shall be controlled through the MCS. 

(7) The frequency plan for each of the two scanning beams shall be 
Identical. Isolation between beams shall be provided through 
the combined use of orthogonal polarization and spatial 
separation. 

(8) The CPS uplink for each beam shall consist of the following 

types: (1) Four fixed burst rate FOM channels within the range 

30 Msps * 10 per cent; and (2) one fixed burst rate channel 
within the range 120 Msps ♦ 10 per cent. Both types of uplinks 
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shall not be provided simultaneously, for the case when both 
scanning beams are operating. For the case when only one 
scanning beam is operating, the capability shall exist to 
provide both uplink types simultaneously. The system shall be 
capable of switching between uplink types within a beam dwell. 
The total throughput capacity of the CPS system without FEC and 
including overhead shall be a minimum of 24Q Mbps ^ 10 per 
cent. The downlink in each beam shall be a single fixed burst 
rate channel within the range 240 f^ps ♦ 10 per cent, 

(9) The Experimental System shall nominally operate with an 

end-to-end SER of less than 10*® in clear weather with margins 
of 5 db on the uplink and 3 db on the downlink exclusive of any 
margin available with FEC and data rate reduction. The total 

margin with FEC and data rate reduction shall be at least 15 db 

on the uplink and at least 13 db on the downlink to provide 10 

db rain fade ma*‘gin. 

(10) FEC with data rate reduction shall be apo-lied automatically to 
rain-degraded uplinks and/or downlinks in order to maintain the 
BER at 10“®. The total SB? uplink and downlink data rate FEC 
capacity shall be a minimum of 12.6 Mbps 

(11) The CPS system shall be designed to have at least a 90 per cent 
probability of providing CPS communications after the initial 
on-orbit operational date as follows: 

a) 

b) 


Two scanning beams at full total data and FEC throughput 
capacity for 0 to 2 years. 

A minimum of one 120 f^s + 10 per cent and four 30 Mr^s 
♦ 10 per cent burst rate channels shall be functional for 2 
to 4 years to provide a total throughput capacity of at 
least 120 Mbps. 

1 ^ 
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Note: This probability will be updateo at System Definition 
Study contract award. 

(12) The Experimental System shall be designed to provide CPS 
capability to ground stations having an antenna ^diung^ of 
three meters for the 30 M^ps + 10 per cent burst rate uplink 
channels and five meters for the 120 M^ps * 10 per cent burst 
rate uplink channels. 

(13) As a backup mode, both CPS scanning beams shall be capable of 
simultaneous routing through the IF switch. 

(14) Any CPS station shall be assigned participation into or removal 
from the CPS network only through the MCS. 

3.1 Flight System 

a. For the System Definition Study, the flight system shall be 
assumed to be located in geostationary orbit at 100° West 
longitude. The final orbit location will be specified on or 
before the Execution phase contract preliminary design review. . 

b. The desired orbit location of the flight system shall be 
maintained to within ♦ 0.05° In both the North-South and 
East-West directions for the mission duration. 

c. The flight system shall be designed for an on-orbit life of four 
years. 

d. The flight system shall be launched by the Space Transportation 
System. 

e. The flight system shall be monitored and controlled through a 
Ka-band TTtC subsystem from tne time of on-orbit checkout 
through the four years of operation. 


' RFP0-3SS5$5-Q 


EXHIBIT A 


ORIGINAL RAGE IS 
OF POOR QUALITY 


812 


f* Tht flight sy«tefii shall bt fflonitortd and control ltd through a 
non-Ka-band TT&C subsystem from separation from the Space 
Shuttle through checkout at the on-orbit location. This 
subsystem shall also serve as a backup to the Ka-band TTI£ 
subsystem for on-orbit operations. 

3.1.1 Connunl cat Ions Payload 

a. The advanced technology components defined In subsequent 
sections shall be Incorporated In the communications 
payload to provide as a minimum the services defined in 
3.0. 

b. Instrumentation shall be provided to the experiments In 
Appendix C to be evaluated. 

c. A CONUS beacon system with polarization modulation shall 
be provided to allow Investigation of propagation 
phenomena at the current experimental frequencies of 20 
and 30 GHz and for future satellite service at 40 and 50 
GHz. The nominal EIRP, using a solid state source, for 
each beacon frequency shall be 45 dbm. The nominal 
polarization modulation rate shall be 1 KHz. The 
operation of the system for each beacon frequency shall 
be controlled by the MCS. 

3.1. 1.1 Antenna 

a. The antenna subsystem shall provide a minimum 
dynamic bandwidth of 500 MHz per bean within the 
uplink operating frequency range of 27.5 to 30.0 
GHz and the downlink operating frequency range 
of 17.7 to 20.2 GHz. 
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Tht anttnna rtf 1 actor providing tha downlink 
baam shall hava a minimum diamattr of thraa 
matars and tha uplink antanna rtf 1 actor shall 
hava a minimum diamatar of two matars. A single 
rtf 1 actor may ba amploytd for both tha uplink 
and downlink. 

Tha antenna subsystmn shall provide a downlink 
minimum gain of SO db for each fixed beam, and a 
downlink minimum gain of 47 db for each CPS 
station within tha two scanning beam areas. Tha 
antanna subsystmn shall provide an uplink 
minimum gain of 54 db for each fixed beam, and 
an uplink minimum gain of 51 db for each CP" 
station within tha two scanning baam areas 
This gain specification docs not Include 
pointing losses due to spacecraft attitude 
control and station keeping errors. However* 
losses due to all beam forming networks shall be 
Included. 

The antei a subsystem shall provide both uplink 
and downlink beam Isolation of at least 30 db 
each between any two trunking beams whose beam 
centers are at least two beam widths apart. 

The antenna subsystem shall provide both uplink 
and downlink beam Isolation of it least 30 db 
whenever the scanning baam centers are two beam 
widths apart. The HCS shall be capable of 
producing a minimum of two be.wi width separation 
between the two scanning beams. 

Tha scanning beam switching speed shall be a 
maxlmue of 1 microsecond. 
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3. 1.1.2 IF Matrix Switch 

a. Tht IF matrix switch shall providt as a ffilnlmum 
four Inputs and outputs with Inttrnal rtdundaney. 

b. Tht If matrix switch shall bt capable of cycling 
through a fixed routing configuration of the 
four active trunking stations. (A routing 
configuration Is the sequence of Input to output 
connections, within a fixed routing period.) 

The IF switch shall be capable of changing from 
one routing configuration to another within two 
microseconui. 

c. The channel bandwidth for one Input to output 
path shall.be 500 MHz minimum. 

d. The switching time required to change an Input 
to output connection shall be less than 20 
nanoseconds. Isolation, between the wanted and 
unwanted signals at the switched output port, 
shall be 30 db within 30 nanoseconds of switch 
Initiation. 

3. 1.1. 3 Baseband Processor 

The BBP shall provide the Interconnect for the CPS 
system. Functions to be Included In the BBP shall 
be frequency demultiplexing of the uplink channels, 
demodulation cf each of the uplink channels on a 
TOMA basis, automatic (without opeator Intervention) 
and selective (to those stations suffering rain 
fade) f -rward error correction (FEC) decoding on the 
uplink and encoding on the downlink, digital routine 
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remodulating to a single downlink burst rate. 

3. 1.1.4 Traveling Wave Tube Amplifier 

a. The TWTA (which Includes the power supply and 
associated controls) shall be designed using a 
multimode (variable beam current) TWT. 

b. The TWTA's shall be capable of providing 8 watts 
of RF power In the low power mode and at least 
40 watts of RF power In the high power mode. In 
order to compensate for rain attenuation, the RF 
power shall be capable of being continuously 
varied over the range of 8 to 40 watts without 
output power disruption. 

c. The efficiency (RF power out/dc input power) of 
the TWTA's shall be a minimum of 20 percent in 
the low power mode and a minimum of 35 percent 
in the high power mode. 

d. The TWTA shall provide a minimum bandwidth of 
750 MHz. 

3. 1.1. 5 Solid State Power Amplifiers 

a. The connunlcatlons payload shall Include at 
least two SSPA's of the Identical type and 
design. 

b. The SSPA's shall be capable of providing a 
minimum of 8 watts of RF output power. 
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c. Tht SSPA's shall have a minimum bandwidth of 500 
MHi. 


3.1. 1.6 Low Noise Receiver Circuit 

a. The input circuit for any beam shall provide a 
system noise temperature, from all sources, not 
to exceed 1200*^. 

b. The Input circuit shall have a mlnlirum bandwidth 
of 500 MHz within the range of 27.5 to 30.0 GHz. 


3.1.2 Payload Technology Scaleabillty Requirements 

It is necessary that the technologies embodied In the 
Experimental System be representative of, and scaleable to, 
operational requirements. The experimental technology 
requirements shall therefore establish the technology base 
from which operational technology requirements will only be 
an engineering extension. Thus, the scaling of the 
Experimental System to an operational system shall only 
Involve changes in engineering design and shall not require a 
change in concept and/or technology. The technology 
requirements for operational systems as defined in this 
document shall include the Experimental System requirements 
In this Appendix plus the following extensions to that 
technology: 

(a) Antenna • The Experimental System antenna design shall 
be scaleable to an operational design that would provide 
twenty 0.3 degree beamwidth spot beams, and six scanning 
beams that would provide full CONUS coverage. 
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(b) IF Matrix Switch - The Experimental System matrix switch 
design shall be scaleable to an operational design that 
provides a matrix size of Input and output ports of at 
least 20 X 20 and has provisions to acconnodate as a 
minimum any five matrix cross-point failures. 

(c) Baseband Processor (BBP) - The Experimental System BBP 
design shall be scaleable to an operational design that 
would provide Interconnectivity between at least six 
scanning beams which cover CONUS; provide a total system 
throughput of at least 3 Gbps; route traffic with 
circuit capabilities ranging from 64 Kbps up to the 
maximum channel burst rate; provide, on demand, 
automatic and selective FEC coding and rate gain to 
Individual users; provide closed loop synchronization; 
and provide a 90 per cent probability of a total 
capacity at the end of ten years of operation of no less 
than 2.5 Gbps. Interconnection of fixed and scanning 
beams through the baseband processor Is not required. 

.2 NASA Ground Station System 
3.2.1 NASA Trunking Station 

a. The trunking station shall consist of a primary 
terminal, a diversity terminal and the associated 
terrestrial Interconnect link. 

b. The trunking station shall provide the 240 Msps ♦ 10 per 
cent burst rate trunking capability. In addition, the 
trunking station shall provide both the 30 Msps ♦ 10 per 
cent and 120 Msps ♦ 10 per cent. burst rate CPS 
capabilities. The station shall also provide the RF 
communications link for the MCS. 

c. The diversity terminal shall be separated from the 
primary terminal by at least 16 kilometers. 
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d. The primary and diversity terminal antennas shall be 
five meters In diameter and have a minimum G/T of 

29 db. Tracking capability and environmental control 
Shall be provided. 

e. The primary trunking terminal shall include the 

fol'isv^'ing seven (7) major subsystems: 1) Antenna, 2) RF 

Section, 3) Modems, 4) User Interface Equipment, 5) 
Controller, 6) Control snd Display, and 7) Terrestrial 
Interconnect Equipment. 

f. The diversity terminal shall include the following three 
major subsystems: 1) Antenna, 2) RF Section, and 3) 
Terrestrial Interconnect Equipment. 

g. Both the primary and diversity terminals Shall have an 
RF loop*back system for functional terminal checkout. 

h. Shelter shall be provided for the equipment. 

i. The diversity terminal shall not require attendant 
personnel. 

3.2.2 NASA Customer Premises Service Station 

a. The CPS station shall provide the 30 Msps * 10 per cent 
burst rate CPS capability. 

b. ■ The CPS station antenna shall be three meters in 

diameter and have a minimum G/T of 25 db. A steptrack 
system shall be provided. 

c. The CPS station shall be transportable on a trailer. 

The total height and width of the vehicle including the 
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reflector shall not exceed 3.7 meters and 2.4 meters 
respectively in the transportable configuration. 


d. The trailer shall be designed to Include an enclosure 
for all station equipment except the antenna and shall 
allow CPS operation directly from the trailer. 


e. All station equipment shall be designed for standard 120 
volt AC power. Auxiliary power shall not be Included In 
the station design. Power will be supplied from an 
adjacent facility source. 

f. The CPS station shall Include the following six major 
subsystems: 1) Antenna, 2} RF section, 3} Modem, 4} 
Controller, 5) User Interface Equipment, and 6) Control 
and Display. 

g. The CPS station shall be capable of operation In both 
scanning beam polarizations by a simple orthogonal 
adjustment of the antenna feed systems. 

h. The CPS station shall provide the capability for 
automatic and selective FEC encoding and decoding for 
recovering link performance during rain fades. 


1. The CPS station shall have an RF loop-back capability 
for functional terminal checkout. 


j. The CPS station shall require no more than two persons 
to set up and check out. Environmental control shall be 
provided as necessary for equipment. Once In operation 
this station shall not require attendant personnel. 
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3.2.3 Other NASA Equipment 

Other equipment such as ranging and beacon transmitting 
stations required to operate the flight system shall be 
provided. 

3.3 Master Control Station 

a. The Master Control Station (MCS) shall provide and perform all 
functions associated with the on-orb1t control and operation of 
the flight system (mission operations), with the control and 
operation of the communications network (network operations), 
and with the conduct of the experiments. 

b. Functions to be provided for mission operations shall include 
monitoring and/or control of the flight system; tracking and 
ranging; orbit determination; ephemerls determinations; range 
delay computations; flight system maneuver planning and 
execution; and pre-launch, launch, and post-launch support 
through on-ohbit verification of the flight system. 

c. Functions to be provided for network operations shall Include 
control of user access and traffic, signal and payload 
monitoring, maintenance of link quality under varying weather 
conditions through power augmentation and FEC coding control, 
scanning beam control, BBP control, and IF matrix switch control. 

d. Functions to be provided for experiment operations shall Include 
the collecting, formatting, recording, and archiving of data 
associated with the service and technology experiments. In 
addition, processing capability shall be provided for the 
advanced technology components. 
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e. For trunking services, transmission burst assignments shall be 
made on an off*11ne basis. For CPS, beam dwell times shall be 
made off-line, however the allocation of the beam dwell time 
among the CPS stations in any beam location shall be dynamically 
assigned. 

f. Capability shall be provided at the MCS to control the flight 
system through both the Ka-band TT&C subsystem and to Invoke the 
use of the backup TT&C subsystem. 
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